Professor Max K arl Ernst Ludwig Planck was elected a Foreign Member in 1926 and was Copley Medallist for 1929. Originally a disciple of Boltzmann in the field of thermodynamics, his most characteristic contribution arose from a thorough examination of the experimental data relating to black-body radiation. His intuitive insight, powers of analysis, and willingness to accept the logic of his deductions however strange the result, made possible the transition to a new system of mechanics. I t is probable th a t the historian of the future will date the modern era of theoretical physics from Planck's recognition of the quantum of energy, one of the most fundamental discoveries ever made in physical science.
In temperament and interests, Hopkins and Planck had little in common, but they were both the founders of schools of research; they were both great teachers and great men whose memory will long be cherished by their pupils and colla borators.
A w a rd s o f M , 1947
The Copley Medal is awarded to Emeritus Professor Godfrey Harold Hardy in recognition of his distinguished contributions to mathematics. For many years G. H. H ardy has occupied an outstanding position among mathematicians in this country, whilst his eminent services and original work [ v ] have also been very widely recognized abroad. In his memoirs and papers published with collaborators, especially J. E. Littlewood, are to be found the origins of the major developments of 'classical analysis' throughout the world in the years 1910 to 1935. Among the most influential and original of his works are those dealing with the Tauberian theorem for Cesaro summability (1910) ; the proof th at the Riemann zeta-function has an infinity of zeros on the critical line (1914) ; the asymptotic formula for the number of partitions of an integer (with Ramanujan, 1918) ; the papers on W aring's pfoblem and Goldbach's problem (with Littlewood, 1920 (with Littlewood, , 1922 ; the paper in Acta Mathematica on Fourier series (with Littlewood, 1930) . He has made im portant contributions to lattice-point theory, to the theory of integral equations, and (with Littlewood) to the theory of Diophantine approxi mation.
Lying in widely separated domains of analysis, all these papers contain funda mentally novel ideas which were the starting points for new significant develop ments by H ardy and others. For example, a part of the distinguished work of Vinogradoff may justly be said to derive from th at of Hardy. His influence has been exerted, not only by his publication of original work, but also through a long succession of pupils, many of whom are now well-known mathematicians. At a time when the vigorous treatm ent of analysis in University courses had still to win general acceptance, H ardy's enthusiastic advocacy and his inspiring lectures had a decisive effect. In addition, the appearance of his highly individual te x t book Pure Mathematics helped to demolish finally the barriers between the English and Continental schools of mathematics.
I t is impossible to characterize1 in a few sentences the achievement, so varied, and so abstruse, of the Copley Medallist for 1947 but in very ordinary words it may be said th a t H ardy saw clearly what were the most important tasks and problems lying before mathematicians; he had good judgment in selecting those which seemed ripe for attack, and he displayed the greatest skill and energy in their solution.
A R oyal Medal is awarded to Professor Cyril N orman Hinshelwood for his outstanding researches in chemical kinetics.
Professor Hinshelwood has brought a characteristic lucidity of mind and directness of approach to bear on the investigation of many classical problems presented by the course of chemical change. He has clarified these subjects to an extent which seems remarkable to those who recall the mystery which enshrouded them only a few years ago.
The acute suggestion of Lord Cherwell relating to the consequences flowing from the relative rates of formation and decomposition of an intermediate additive complex was taken up and extended by Hinshelwood. He predicted th a t on the basis of this theory certain apparently monomolecular reactions should follow a bimolecular law a t low pressures. One example of the justification of this pro phecy was found in the decomposition of acetaldehyde. This experimental verification of the hypothesis of intermediate complexes of definite fife, and the new light shed on the mechanism of activation of molecules, are pillars of modern chemical kinetics. Hinshelwood has enlarged our knowledge of this subject by many other researches of great importance including those on the synthesis of water, a classical problem of seeming simplicity and real complexity and those on the conditions of 'chain' reactions. His ingenious experimental methods, though characterized by a lack of unnecessary elaborations, have nevertheless always been able to provide accurate results.
I t was a very original conception to apply the principles and methods of chemical kinetics to the growth of bacteria and Hinshelwood has already made noteworthy progress in this field.
The outcome has been to provide a new and more delicate assessment of the presence and activity of factors th a t influence growth a t all stages under defined conditions.
During the war he carried out im portant researches on the absorption of gases by charcoal, and on the preparation of suitable adsorbents for different purposes, ranging from gas-masks to the production of penicillin.
The brilliant exposition of chemical topics contained in Professor Hinshel wood's books places contemporary chemists and students still further in his debt. His memorable addresses on the wider implications of chemistry made as President of the Chemical Society and on the occasion of the celebration of its Centenary were generally acclaimed. Possessing enviable linguistic attainm ents he has frequently been an Ambassador of British Science. Recognizing these achieve ments we wish to honour Professor Hinshelwood above all for his pioneering work in the laboratory and in the study, which has thrown so much light on the most fundamental processes of chemistry, the mode of interaction of molecules.
A Royal Medal is awarded to Dr F rank Macfarlane B urnet for his distinguished contributions to our knowledge of the viruses.
Dr Burnet, Director of the W alter and Eliza Hall Institute, a t Melbourne, has made a series of extremely significant investigations of bacteriophages and viruses since 1925. In twenty-seven papers on the first topic he has made greater advances than anyone apart from d 'Herelle. He has elucidated the phenomenon of lysogenesis or carrying' of a bacteriophage, active against other bacteria, by an organism which is itself apparently unaffected. He has shown how study, partly on a biochemical basis, of the range of activity of 'phages against various bacteria can be used to classify not only the 'phages but the bacteria themselves. Other investigations have made an im portant contribution to our present ideas as to what bacteriophages are.
Since 1933 he has studied many viruses pathogenic for vertebrates. He has shown how psittacosis is endemic in wild Australian parrots, and has thrown light on the epidemiology of herpes and poliomyelitis. To modern workers he is best known for his development of several techniques for cultivating viruses in living chick embryos and their application in immunological and other studies of viruses, especially influenza. He has written monographs on the use of chick embryos in virus research, on immunity to viruses, on influenza and on the nature of anti bodies.
At present he is examining the agglutination of mammalian and avian red blood cells by a number of viruses and virus-products and is thus throwing fresh light on the reactions taking place between viruses and the surfaces of susceptible cells. He has found th at an enzyme produced by cholera vibrios has an action on blood cells which is quite similar to th at of influenza viruses, and is capable of blocking the union between virus and susceptible cell. This discovery indicates one line of approach to the problem of the chemotherapy or chemoprophylaxis of virus infections.
Burnet has been active in many other fields; he has studied staphylococcal toxins and he was the first to make a formolized staphylococcal toxoid. He has demonstrated th a t a rickettsia is the cause of Australian Q-fever.
Whilst his experimental studies have demanded close attention to detail, certain continuous threads have connected his interests. The breadth of his outlook and his philosophic attitude of mind are well exemplified in his fascinating book Biological Aspects of Infectious Diseases and in the more recent publication Viruses as Organisms.
The D avy Medal is awarded to Professor Linus Pauling in recognition of his distinguished researches on molecular structure.
The unusual breadth of Professor Pauling's scientific knowledge, his mastery of physics and mathematics in addition to chemistry, made him peculiarly fitted to apply quantum mechanics to problems of chemical valency bonds. In him, theoretical acumen and penetrating insight, are associated with experimental skill of the highest order and thus his theories were often tested after the devising of new physical techniques.
This combination of theoretical and practical attainments is very remarkable a t such a level in both aspects.
As a natural consequence of his catholic interests Pauling's work has covered a very wide range of chemical structural problems. He has devoted much attention to line spectra and many other physical topics but his most individual achieve ments are in the advance of molecular structure theory. In elucidating the fundamental structure of simple organic compounds he developed the method of localized pairs (atomic orbitals) to provide a theoretical treatm ent of the valency conditions of such molecules. By this introduction of orbital hybridization he gave the first theoretical account of the tetrahedral distribution of the valencies of the saturated carbon atom (1928). This was followed by the introduction of the quantum mechanical concept th at the actual state of a molecule such as benzene should be represented as a resonance hybrid of several valency bond structures (1931) . The application of this idea and the experimental verification of its structural implications in terms of increased stability and decreased bond distances, greatly increased our understanding of aromatic and general chemistry.
The calculus of the resonance theory of Pauling was the first to introduce a quantitative treatm ent of valency problems and its effect has been felt far beyond the bounds of the experimental material.
In 1939 his extensive work was summarized in a great book The Nature of the Chemical Bond which will always be one of the classics of chemistry. Here we find a general classification of stubborn aspects of valency theory along with valuable tables of generalized and correlated data on resonance energy terms, bond distances and angles, and atomic radii.
Proceeding to apply his methods to the study of more complex molecular systems, Pauling has made important contributions to our understanding of the metallic bond; of the structure and mode of denaturation of native proteins; and of the mechanism of the fundamental reactions of immunology, th at is, antibody forma tion, and the antibody-antigen interaction.
Professor Pauling has earned our gratitude, not only for his personal services, great as those have been, but also because he has been a focus of activity and a constant source of inspiration to other workers.
The Buchanan Medal is awarded to Sir Edward Mellanby, K.C.B., for his services to medical science and in recognition of his outstanding researches on dietary factors.
The Buchanan Medal is awarded every five years in respect of distinguished services to hygienic science or practice in the direction either of original research, or of professional, administrative, or constructive work, without limit of sex or nationality.
In each of these respects the award to Sir Edward Mellanby is surely one of the most appropriate th a t could be made. For some thirteen years he has devoted himself to the service of medical science and the national organization of medical research.
His personal research work, which has been continued right up to the present time, has been concerned mainly with problems of nutrition, and has had important results in the relation of diet to the public health.
His two most important contributions have been on the effects of deficiency of vitamin D and of vitamin A in the diet. He first showed th at rickets was unquestion ably due to the lack of a fat-soluble vitamin, since known as vitamin D, and he also demonstrated th at other factors, dietary and general, such as lack of exercise, contributed to aggravate the condition. Quite recently he has shown th at lack of vitamin A, in addition to the already recognized effects on general health, is capable of producing profound neurological disorders, owing to the mechanical effect of abnormal growth of bones around the foramina through which nerves leave the central nervous system. The knowledge which has been made available as a result of his investigations has played an important part in the feeding of the nation on scientific lines, in war, and in peace-time.
The study which he made of the effects of lack of iodine have thrown much light on the various forms of goitre, and especially on the hyperplastic and colloid forms: the former he showed to be caused by iodine deficiency, particularly in young animals, or in ante-natal states, while the latter is produced by the belated admission of iodine to such sufferers from the hyperplastic condition. The know ledge has been of value in connexion with the lack of iodine in the water and soil of some districts.
Mellanby's researches on the physiological effects of alcohol have also provided valuable knowledge concerning the effects of this substance as a constituent of the diet.
His most recent contribution has been to show that bread which is made from flour bleached by the Agene process, th at is, with nitrogen trichloride, can cause the condition in dogs known as canine hysteria.
As the Secretary of the Medical Research Council, Sir Edward has proved himself a wise, strong and withal a helpful administrator.
The Hughes Medal is awarded to Professor J ean Frederic Joliot in recogni tion of his outstanding researches in nuclear chemistry and physics.
Professor Joliot, Director of the Nuclear Chemistry Laboratory of the College de France, was early concerned with investigations leading to the discovery of the neutron and with subsequent work on that particle. In 1932 he found that the very penetrating radiation emitted when beryllium is bombarded with alphaparticles was able to eject protons from hydrogenous material upon which it fell. This observation was followed up by Chadwick, who was able to show th at the radiation consisted of the neutrons which he and Rutherford had sought for years.
In 1934 Joliot made a discovery of the utmost importance. He found th a t aluminium and other light-atom substances were rendered radioactive by bom barding them with alpha-particles. He showed that these radioactive products emitted positive or negative electrons and gamma-rays. By chemical methods he proved th at the radioactivity produced was due to the formation of unstable isotopes of neighbouring elements, for example, in the case of aluminium, the active substance produced was an isotope of phosphorus. It was soon shown that the production of these artificially radioactive isotopes was possible by bombard ment with other types of particle and that practically all the elements could be prepared in radioactive form. In this way Joliot founded an important develop ment of modern 'tracer' technique and opened up a field of investigation of immense importance to physical, chemical, and biological science.
In 1939 Joliot and his co-workers observed th at in the process of fission of uranium several neutrons are emitted. This important observation indicated the possibility of a chain process in uranium and Joliot at once endeavoured to produce such a self-propagating reaction. With Halban and Kowarski he showed, in 1940, th at if the fission neutrons were slowed down in heavy water a chain-reacting system could be produced. The practical success of the heavy-water ' piles ' in the United States of America and in Canada is the outcome of these pioneering discoveries in the application of atomic energy.
In a great part of his work, Professor Joliot has been closely associated with his wife, Professor Irene Joliot-Curie.
I am grateful to several members of Council for their invaluable help in the preparation of the notes on the Medallists.
On 30 January Her Royal Highness Princess Elizabeth was elected into the Fellowship and she graciously attended at the Society's Rooms for formal admission on 3 July.
The Society is a privileged body and on the auspicious and happy occasion of the marriage of Her Royal Highness Princess Elizabeth to Lieutenant Philip Mountbatten, R.N., an Address was presented to His Majesty the King. The President, Vice Presidents and Officers attended for this purpose at Buckingham Palace by Command on 6 November. His Majesty the King replied as follows:
'I t is with special pleasure th at I have received from the Royal Society, with which the Crown and my family have been so intimately associated for so many years, your address of congratulation on the occasion of the engagement of my dear daughter, who was so recently elected into your Fellowship. On behalf of the Queen and myself, I thank you sincerely for the warmth of your congratulations and for your good wishes for the future happiness and prosperity of Princess Elizabeth and Lieutenant Mountbatten.
George R .'
Fellows will join me in expressing sympathy with Sir Alfred Egerton. He has borne the pain and tedium caused by his accident with the greatest fortitude and cheerfulness and we hope th at he is now well on the way to complete recovery of all degrees of freedom.
At the last Anniversary Dinner I referred to the relinquishment of the Foreign Secretaryship by Professor A. V. Hill and added, 'It is a comfort to know th at he will not be out of reach. I am sure th at we shall need his help and advice in the future and am quite as sure th at it will always be willingly given '. A few weeks later it was most unfortunately necessary to find a temporary substitute for Sir Alfred Egerton and very fortunately the truth of the remark I have quoted was quickly proved. We are indeed grateful to Professor Hill for stepping into the breach as Acting Physical Secretary during the first six months of the year.
The Society was fortunate in securing the services of Dr D. C. Martin as Assistant Secretary from the beginning of the year. By herculean efforts he managed to cope successfully with the operation of taking-over and also with continuing help in the organization of the Centenary Celebrations of the Chemical Society.
Undoubtedly the most interesting development in the relations of science and administration during the past year was the setting up of two Advisory Committees to the Cabinet. The Defence Research Policy Committee was formed towards the end of 1946 and the Advisory Council on Scientific Policy at the beginning of the present year.
This represents the success in peace-time of an insistent demand of the war years for scientific consultation at the highest levels. Yet the consummation has evoked some uneasiness.
On the one hand it is feared th at the freedom of research may be infringed by some form of planning or control. Apart from the subtle effects of selective encouragement, a danger which can hardly be avoided, I do not share these apprehensions. As we might have expected, a very sound doctrine was clearly expressed by Sir Stafford Cripps when he spoke to us on the last Anniversary Day. His reasoned conclusion was th at 'the real encouragement of pure research must be left to independent bodies like the Royal Society of London or the Universities'. There is every reason to believe th at His Majesty's Government as a whole realizes the vital importance of untrammelled scientific research and will not interfere with its free development.
On the other hand it may be thought th at the close contacts and collaboration with Ministers and their Departments which the Royal Society has enjoyed in the past are now endangered by the appearance of a buffer. There are several good reasons why no anxiety need be felt on this score and the chief is the enormous extension of public and governmental interest in scientific effort of all kinds. There is very much more work to do than we could possibly undertake alone, and a permanent organization with a full-time staff has become a necessity. The measure of our responsibilities continually increases and is likely to increase in the future. We have not surrendered the power to take the initiative, and we retain the traditional privilege of access to authority. Our public usefulness depends therefore on our own ability to suggest and promote action and we have even gained potential for independent leadership. Examples of our initiative during the past year are plkced on record in the Report of Council and I draw your attention to three topics At the invitation of the Ministry of Education the Society has formed a British Committee for co-operation with U.N.E.S.C.O. in the Natural Sciences. This is perhaps the most widely representative scientific committee in the country. Its Chairman is the Foreign Secretary who is at present attending the Second General Conference of U.N.E.S.C.O. in Mexico City as a delegate of the United Kingdom.
You will see from the Report th at an investigation has disclosed th at a major cause of delays in scientific publication is the shortage of skilled compositors. The Minister of Labour and National Service expressed interest in our problems an we are deeply indebted to Mr Isaacs for his personal intervention and for his suggestions. As a result of these and contacts with officials of the Printers Trade Unions it is hoped that the situation may improve.
Anniversary Address by S ir Robert Robinson
The following figures show the position of our own publications: The delay is roughly twice as long as it should be on the assumption th a t the practice in 1938 was reasonably expeditious. I t is to be feared th a t the publication lag in m any scientific journals is still greater and the harm th a t results is hard to overestimate.
I t is discouraging to the younger men whose advancement often depends on a record of publications; it allows of anticipations by other workers, and hence to a proliferation of preliminary notes.
The third topic is th a t of the hoped-for improved accommodation of the Scientific Societies; it has been adequately discussed in general terms on many occasions. We have continued talks and negotiations in various quarters during the past year. B ut it became evident th a t no agreed scheme of co-operation between the Societies most nearly concerned had been prepared and th a t we have no precise case to advance. In order to provide this pre-requisite for action, a committee or working p arty has been formed by the Council to explore the problem in detail and to prepare the alternative complete plans.
Before proceeding to discuss some new scientific m atter I would like to read a greeting sent by Council on behalf of the Society to Sir Charles Sherrington on the occasion of his ninetieth birthday.
'The Royal Society sends you its greetings and good wishes for your birthday. We think of our former President with especial pride and affection-we are proud of your scientific achievement, of the fresh light you have thrown on the hidden dealings of the nervous system, of the m any pupils you have inspired and of the originality and distinction which has informed your scientific writing. We are proud of the philosopher who has first learnt the wisdom of the body and of the poet who can touch the springs of the mind. But on this birthday we think not so much of the great scientist as of the well-loved friend of many years who has won universal esteem by his kindness and generosity and by the courage and purpose of his life. You have set us an example for which we thank you, and we wish you all the happiness which you have so well deserved.' An essay in correlation arising from alkaloid chemistry
The incident which I wish to describe is of peculiar interest because it transpires th a t the behaviour of a natural product can only be explained in the light of knowledge comparatively recently acquired and never previously brought to bear in the analysis of a structural problem.
When we break up molecules in order to examine the fragments, or submit them to transformations in order to recognize the reactive groups, the changes th a t occur usually follow relatively simple rules; the pieces, for example, are clearly related to the whole from which they were obtained. In certain classical instances the picture has been confused by rearrangements of atoms within the molecule in the course of some of the changes examined.
B ut these molecular shifts also follow laws which have gradually been brought to light and it has always been possible to integrate the data in terms of a particular molecular structure.
Thus camphor showed itself to be a chemical proteus and at one stage it was not clear which manifestation corresponded to the reality. The vagaries of this molecule which proved most puzzling were explained by Lap worth. Camphor and all its derivatives have been synthesized and thus all dubiety was resolved.
Brazilin is another molecule which twists itself into contortions and here again we can follow all the varied transformations and we have the confirmation of synthesis, not it is true of brazilin itself, but of many of its more important derivatives.
B ut the star performers in the team of molecular acrobats are undoubtedly the alkaloids of the morphine group and I shall speak especially of thebaine.
In 1923-5 I discussed the chemistry of morphine, codeine and thebame with John Masson Gulland, whose untimely death in a recent railway accident was so great a tragedy. We arrived at a solution of the problem which has since been generally accepted but there is no synthetic proof th at applies to the thebaine structure itself. The certain knowledge from analysis and synthesis relates to the various transformation products and the molecular structures of many of these are established beyond doubt. The validity of our formulae, therefore, is estimated entirely on their success in interpretation of a complex of data. W ith an emendation in one group of products, suggested by Schopf and gladly accepted, it seemed th at the book was all but closed. Yet the most remarkable rearrangement of the molecule and one of the most extraordinary changes yet encountered m the whole domain of organic chemistry, remained to be recognized. I t subjected the Gulland-Robinson formula to a very severe test and trium phant emergence from the ordeal was at one time in doubt and has only been guaranteed during the last two months.
In 1905 Freund treated thebaine with phenylmagnesium bromide and obtained a new base, phenyldihydrothebaine, which was just thebaine to which the elements of benzene (C6H 5, H) had been added. Similar substances were made later using other organo-metallic reagents and Lyndon Small and his collaborators have care fully re-examined and extended the series. They have established some intriguing stereochemical relationships and corrected mistakes of other workers.
In 1943, in the course of a visit to Washington, I was privileged to hear of Dr Small's results and to examine the detail of his brilliant experimental work. Two conclusions appeared to me then to be inescapable but the full solution of the mystery remained elusive. In September of this year Dr Small kindly sent me the manuscript of a paper which should appear in the Journal of Organic Chemistry for November. He had been unable to make any use of my views and further corre spondence showed why th a t was so, and also led to the understanding th a t the present disclosure should be made. A new idea, based on the postulates of 1943, then occurred and the validity of this has recently been indicated by a crucial experiment.
The first of the inescapable conclusions to which I have referred is derived from a comparison of thebaine with phenyldihydrothebaine. The latter is out standingly more stable. I t is hard to hydrogenate in the presence of a catalyst (thebaine is easily attacked) and when reduction does occur all th a t happens is a break of a C-N bond. Thebaine is very easily hydrolyzed as an enol methyl ether but although phenyldihydrothebaine contains this methoxy group (also one other OCH3 and a phenolic OH), it is not hydrolyzed by hot concentrated hydro chloric acid. B ut hot hydrobromic acid produces the change (OCH3)2(OH) -> (OH)3 and the action of diazomethane on the trihydroxy-compound gives a trimethoxycompound which is the methyl ether of phenyldihydrothebaine. From these facts it is perfectly clear th a t the near-aromatic nucleus of thebaine, which bears the hydrolyzable methoxyl, has become truly aromatic in phenyldihydrothebaine.
The second conclusion follows logically from the first, considered in the light of other data. Phenyldihydrothebaine is optically active and by Hofmann's exhaustive methylation procedure it gives a series of optically active derivatives; this is even true of the second stage in which nitrogen is eliminated. The process is C-C-N-C-C -> C =C j NMe3 : C =C . The two double bonds in this optically active product can easily be shown to be present by diagnostic tests. Now phenyldihydrothebaine is a C25 base and one carbon atom is in :NCH3 (now lost), two carbon atoms are in OCH3 groups, and by hypothesis eighteen carbon atoms are in three benzene rings (two of the thebaine skeleton and the phenyl group introduced by the reagent); th a t leaves only four carbon atoms for the two double bonds*. Hence exhaustively methylated phenyldihydrothebaine cannot contain an asymmetric carbon atom and it must owe its optical activity to an asymmetric molecule of the type familiar to synthetic chemists and stereochemists but never before encountered in the study of a natural product.
I t is easy to guess what kind of an asymmetric molecule is present. Thebaine is easily degraded to phenanthrene derivatives (such as I) and these in their turn are derived from diphenyl (II). In 1922 Christie & Kenner showed th a t the dinitrodiphenic acid (III) could be resolved into optically active forms. They also pointed out th at this result was explicable if the two rings are assumed to be co-axial (as shown by the dotted line) but not co-planar. In 1926 Turner & Le Fevre, Bell & Kenyon, and Mills developed the hypothesis th a t restricted free rotation of the phenyl groups is conditioned by the position and size of the substituents. I t is well known th a t this hindrance theory harmonizes all the extensive experimental data.
We arrived a t the restricted diphenyl idea as a plausible explanation of the optical activity of the end-product of the Hofmann degradation but there is strong evidence th a t it must also be applied to phenyldihydrothebaine itself.
Small and his collaborators have shown th a t Freund's phenyldihydrothebaine is a mixture of two isomerides (equated in various ways, as by reduction, or exhaustive methylation) which he calls ( + ) cl and ( + ) 8. On heating ( to the optical antipode of ( + )£ ; similarly ( + )£ goes partly into the optical antipode of (-f) a .The equilibria can be reached from either side. clearly recognizes th a t these changes are partial racemizations but appears to think it possible th a t a number of asymmetric centres could be inverted in step. He calls the optical antipode of (+ ) a, ( -) a, but it is preferable to term it { -) 8. Thus + , -and a, 8 can be taken to be symbols representing left-hand or righthand a t each of two sources of dissymmetry. The partial racemization of (+.) a gives then (-)a. These facts alone suggest th at the phenyldihydrothebaine molecule contains two sources of dissymmetry and only tw o; one of these (repre sented by + , -) is a noncoplanar diphenyl configuration, and the other (repre sented by a, 8) is an asymmetric carbon atom. We are able to substantiat view and the substance is therefore the first in which molecular dissymmetry and th at due to an asymmetric carbon atom (also, strictly speaking, molecular) co exist. The theory extends to this case without modification; there are the usual numbers of isomerides, 2n, where n is the number of sources of dissymmetry, not necessarily all asymmetric carbon atoms. This principle is quite obvious but has not previously been enunciated, chiefly because the mixture of asymmetric types is itself new.
All these and many other facts had to be taken into consideration in the endeavour to find a structure for phenyldihydrothebaine and it would take too long to carry the argument through all its stages. I t will be stated more fully elsewhere; meanwhile phenyldihydrothebaine is believed to be (V) and its forma tion from thebaine (IV) is the result of molecular rearrangement ol quite a new type.
I t was first formulated as a likely process from the electronic point of view. In words: the migrating ethanamine chain is cationoid, (c) is joined to (6) by means of the electrons of the link (a b); the electrons in (c d) go to (d e) and fulfil the demands of aromaticity of the nucleus; electrons (ef) are then taken by the oxygen atom which acquires a negative charge (on decomposition of the complex by water, a proton is attached to oxygen); the phenyl anion brings a new electron pair to (a), replacing those lost to the migrating group (c). This connected series of changes can be thought of as starting a t either end; i.e. attack by Ph-, or assumption of a negative charge by oxygen. As in many other migrations in this group the driving force is doubtless the tendency of the near-aromatic group to become fully aromatic. The formation of isomerides is due to construction of the -CHPh-group in each of the two possible senses, the diphenyl skeletons being configured in one sense only.
The formula (V) is perfectly satisfactory; examination of models shows th at the nine-membered ring allows the phenyl nuclei to be disposed a t right angles or at any intermediate angle without strain; there is one asymmetric carbon atom marked * in the formula (V); all the chemical properties and transformations receive natural explanations. B ut there was thought to be one important exception and because of it'Dr Small was not disposed (some time before the complete theory was available) to accept the postulation of the two aromatic nuclei. The ultra-violet absorption of phenyldihydrothebaine gave no indication whatever of the appearance of a new aromatic ring in conjugation with the first. This ought to have been thought decisive, but as it conflicted with other equally definite evidence, something had to be jettisoned. Actually a further correlation is possible and the parts now fit together like a Chinese puzzle made in ivory.
I am indebted to Dr J. W. Cornforth for pointing out that non-coplanar diphenyls do not exhibit normal ultra-violet spectra. This was first noted by Picket, Walter & France (1936) and a clear case is given by O'Shaughnessy & Rodebush (1940) . In this example a large ring of eighteen members is formed by a bridge across the m-positions of a diphenyl derivative. There is no diphenyl band and only endabsorption.
In the last few weeks we have sought and obtained experimental confirmation of the structure (V). Mr K. W. Bentley has oxidized phenyldihydrothebaine with potassium permanganate and obtained benzoic acid, benzaldehyde, and 4-methoxyphthalic acid (VI). This was identified very thoroughly with an authentic specimen.
By exhaustive methylation, including th at of the phenolic group, an optically active product (VII) (made by Freund but stated to be optically inactive) was obtained and oxidation of this by permanganate in acetone afforded a trimethoxydiphenic acid (VIII). These are very cold, hard facts and it is to be feared th at in the future they will be cited first and all our interesting arguments will be forgotten. One further punctilio. The thebaine transformations are like the'variations of a chess problem in th at they have a common key-move. Are we justified in assuming th at the problem as set has a unique relation to the variations? Is the thebaine structure proposed by Gulland & Robinson the only one which serves to explain the whole of the results ? The key-move is the migration of the ethanamine chain from (d) to (6) in (IV); it is only the position after the migration th at we have proved to be correct. Taking everything into consideration one alternative can indeed be seen. This can best be explained by reference to the intermediate (IX) now postulated in the complex changes th at thebaine undergoes in acid solution.
(IX) arises from (IV) by migration from (6) to (d) and by hydrolysis. I t could equally well arise from (X). The only way of distinguishing between (IV) and (X) seems to be by a study of the &-and y?-methylmorphimethines and the optical data on these substances strongly support (IV) and would remain inexplicable on the basis of (X). According to Dr R. Strauss the ultra-violet absorption of a-methylmorphimethine is not styrenoid and would be consistent with the arrangement, ^.C .C :C .C :C -. On the other hand th a t of the /?-isomeride shows strong con jugation consistent with ^. C : C . C : C.. The skeleton of (IV) permits these rearrange ments and structural elements, but th a t of (X) does not. The question is related to th a t of biogenesis and further enquiries must be instituted.
